are significantly smaller than suggested by recent slab modeling efforts that fail to fully remove the distant path effects. Imaging deep slab velocity structure and depth of penetration is likely to prove more difficult than originally expected, given that slab velocity heterogeneity may be relatively weak at depths greater than 300 km.
Introduction
Despite great advances in our understanding of plate tectonics, many fundamental questions remain about firstorder geophysical problems such as the configuration of mantle convection, the detailed thermal and petrological structure of oceanic lithosphere, and the deformation and penetration depth of subducting slabs. Resolving slab elastic wave velocity structure using seismological procedures can address these questions, in combination with mineral physics and geodynamic modeling; however, progress in seismological imaging of deep slab structure is impeded by our limited knowledge of deep earth heterogeneity on a global scale. All seismological procedures for imaging slab structure require correction of the data for path effects at large distances from the source. Unfortunately, these corrections are highly uncertain and researchers disagree about the most reliable procedure for isolating the near-source velocity heterogeneity. This is manifested as a great diversity of seismological models of subducting slabs, which have profoundly different, and inconsistent, implications for mantle dynamics.
Travel-time corrections are often made using a combination of crust/shallow mantle station anomalies, usually obtained in analyses of great numbers of travel time residuals at different Reduction of the size of relative anomalies due to nearsource structure does not necessarily imply that slab structure is weak, given the suppressing effects of location errors and the limited ray coverage of seismic observations; however, it does raise several interesting issues. First of all, reduced near-source patterns make the slab imaging problem more difficult, particularly for amplitude and diffraction effects, and place greater demands on the accuracy of path corrections. Second, the relative scaling of P and S times is called into question. Estimates of the relative size of mantle elastic velocity perturbations, dVs/dVp • 1.0, and the associated in-ference that (dVs/dT)p _= (dVp/dT)p, have been based on the observed factor of 3 to 4 scaling between teleseismic S wave and P wave travel-time anomalies. These numbers have been used to scale between P wave and S wave velocity models for slabs. It should be noted that the relative scaling of dVs/dVp inferred from mantle-traversing waves actually may not apply to the relatively low temperature environment of the slab. If partial melting or anomalous lower mantle behavior of rigidity is responsible for the teleseismic anomaly scaling, the relatively low temperature near-source slab thermal derivatives may be quite different from those for the ambient hot mantle.
Of course, it is also possible that actual deep slab velocity heterogeneity is actually weaker than inferred from early slab modeling efforts, that may have been contaminated by deep path effects. While there is good evidence for high seismic velocities in slabs at depths less than 300 km, the strength of overall slab anomalies at greater depth is much more ambiguous. While temperature variations probably result in 3 to 5% increases in slab velocity relative to ambient mantle at depths below 300 km, the effects of petrology of the slab are not clear. Kinetic suppression of phase changes, one mechanism which has been advocated as explaining deep earthquakes, will tend to compete with the thermal effect of the slab, potentially reducing the bulk slab velocity relative to the mantle at depths from 400 to 500 km. This is consistent with the absence of strong slab diffraction and defocussing effects predicted for conventional slab models [Vidale, 1987; Gaherty et al., 1991] , as well as the intermittence of the deep slab velocity anomalies in tomographic models [e.g. Zhou and Clayton, 1990]. Identification of lower mantle slab penetration, intrinsically difficult due to the trade-offs with path effects, will be even more difficult if thermal heterogeneity causes only a few percent velocity anomaly, and especially if the slab structure is strongly distorted by resistance to penetration. Nonetheless, the importance of this issue mandates that seismologists enhance their slab imaging procedures in the future.
